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Abstract: This review summarizes the added value of local anesthetics in patients undergo-
ing craniotomy for brain tumor resection, which is a procedure that is carried out frequently 
in neurosurgical practice. The procedure can be carried out under general anesthesia, sedation 
with local anesthesia or under local anesthesia only. Literature shows a large variation in the 
postoperative pain intensity ranging from no postoperative analgesia requirement in two-thirds 
of the patients up to a rate of 96% of the patients suffering from severe postoperative pain. The 
only identified causative factor predicting higher postoperative pain scores is infratentorial 
surgery. Postoperative analgesia can be achieved with multimodal pain management where local 
anesthesia is associated with lower postoperative pain intensity, reduction in opioid requirement 
and prevention of development of chronic pain. In awake craniotomy patients, sufficient local 
anesthesia is a cornerstone of the procedure. An awake craniotomy and brain tumor resection 
can be carried out completely under local anesthesia only. However, the use of sedative drugs 
is common to improve patient comfort during craniotomy and closure. Local anesthesia for 
craniotomy can be performed by directly blocking the six different nerves that provide the 
sensory innervation of the scalp, or by local infiltration of the surgical site and the placement of 
the pins of the Mayfield clamp. Direct nerve block has potential complications and pitfalls and 
is technically more challenging, but mostly requires lower total doses of the local anesthetics 
than the doses required in surgical-site infiltration. Due to a lack of comparative studies, there 
is no evidence showing superiority of one technique versus the other. Besides the use of other 
local anesthetics for analgesia, intravenous lidocaine administration has proven to be a safe and 
effective method in the prevention of coughing during emergence from general anesthesia and 
extubation, which is especially appreciated after brain tumor resection.
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Introduction
Craniotomy for brain tumor resection is carried out frequently in neurosurgical practice. 
While about one-half brain tumors do not grow into neuronal tissue (like pituitary 
adenomas and meningiomas), the other half (e.g. oligodendrogliomas, astrocytomas, 
glioblastomas and metastases) do. Definitive cure of a tumor of this second group 
can be considered as impossible. On the other hand, it is known that a maximum 
of cytoreduction and tumor resection is associated with a better long-term survival. 
Therefore, these tumors are frequently resected by awake craniotomy with cortical 
(and subcortical) mapping, enabling a maximum of resection with a minimal risk of 
functional damage to the patient.1,2
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If the patient is conscious and responsive at any time 
during the procedure, it is referred to as an awake craniotomy. 
An awake craniotomy can be carried out with three different 
forms of anesthetic care. In the sleep–awake–sleep technique, 
the patient is anesthetized during the placement of the skull-
pin head holder and the craniotomy whereafter consciousness 
must be regained in order to map cortical areas. Another 
option is to perform the procedure under monitored anesthetic 
care where the patient is mildly sedated to control anxiety and 
pain. Finally, the awake–awake–awake technique involves no 
sedation but only requires analgesia and special attention to 
non-pharmacological interventions such as hypnosis.3 In all 
awake craniotomy techniques, the use of local anesthetics 
is mandatory.
Neurosurgical procedures cause more pain than anesthe-
siologists expect,4 and post-craniotomy pain is not always 
well understood.5 However, clinicians have become more 
aware of the incidence and intensity of post-craniotomy 
pain. There is a large variation in the occurrence of post-
operative pain and the requirement of analgesic medication 
in neurosurgical patients. Pain scores have a large variation 
ranging from a visual analog score of approximately 15 to 
more than 60 in two large studies.6,7 In a recent review of 
26 studies assessing different aspects of postcraniotomy 
pain, 15 studies reported pain percentages in the first two 
postoperative days up to 60%–96%.5 It is unclear why this 
great variation of the incidence of postoperative pain exists 
in craniotomy patients. Attributable factors could be the 
perioperative opioid and analgesic regiment used, the exact 
moment of the first postoperative pain score and the composi-
tion of the neurosurgical population. A recent review studied 
several factors such as age and gender, surgical site, surgical 
technique, psychological factors and tumor characteristics, 
but the results are conflicting and inconclusive.8 The surgical 
site has turned out to be the only reliably identified factor: 
infratentorial surgery tends to be more painful and requires 
a higher cumulative opioid dose than supratentorial surgery, 
possibly because of the surgical-induced stretch and trauma 
of the neck muscle mass.9,10 A review by de Gray and Matta 
provides further details about the pathogenesis of postopera-
tive pain.10
The treatment of postoperative pain in neurosurgery 
is characterized by a balance between swift neurological 
assessment and the prevention of sedation, hypercapnia and 
opioid side effects such as vomiting on one side and patient 
comfort and the prevention of hypertension on the other side. 
Although opioids are frequently used in nonneurological 
surgery, their side effects raise caution to use these drugs in 
neurosurgical patients. Interestingly, these theoretical adverse 
effects have not been observed in studies using opioids.11 
Nevertheless, post-craniotomy pain should be treated by 
multimodal pain management where several classes of 
drugs are combined with local anesthesia.11,12 Since patient-
related factors that can predict the occurrence of serious 
postoperative pain are not known, it is recommended to 
provide on-demand analgesics that need to be administered 
with minimal delay to all craniotomy patients.6 If an opioid 
drug is necessary, intermittent intravenous morphine 
provided on a medium- or high-care postoperative unit or 
via a patient-controlled system may be an effective option 
with less side effects compared to codeine or tramadol.12,13
Besides acute postoperative pain, craniotomy patients 
are prone to develop chronic post-craniotomy headache 
where the incidence varies between 0% and 65%.9,14 Chronic 
pain can not only develop at the site of the incision but also 
develop as a moderate pressure sensation involving the entire 
head. In one study, 18% of the patients developed a severe 
throbbing sensation associated with nausea and vomiting.15 
Several preoperative factors associated with the development 
of chronic headache have been identified, such as depression, 
anxiety and temporomandibular disorders.16
Locoregional anesthesia has been shown to have an 
additional value in craniotomy patients, independent of the 
anesthesia technique used.17 In the intraoperative phase, 
locoregional anesthesia diminishes the autonomic responses 
during the application of the skull-pin placement18,19 as well 
as during dural closure and skin closure,19 which due to 
the lack of a sensory innervation of the brain tissue itself 
are much more painful than tumor resection. Even under 
general anesthesia and after an opioid was administered, 
heart rate and blood pressure can increase by 15% and 43%, 
respectively, after application of the Mayfield clamp.20 This 
effect can be largely diminished by preoperative application 
of local anesthesia, via either a scalp block or local 
infiltration,20,21 leading to a more hemodynamically stable 
anesthesiological course.
In awake craniotomy patients, the use of local anesthesia 
is the cornerstone of the procedure and has been established 
as a standard of care.21–23 If the local anesthesia is effective, 
no other analgesic drugs are necessary during the whole 
procedure. However, additional sedation is commonly used 
during craniotomy and closure, the steps of the procedure 
where the cooperation of the patient is not required. This 
combination enables a comfortable emergence and adequate 
analgesia during the regain of consciousness. The combination 
of sedation and local anesthesia has also been proven effective 
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in the pediatric population.24,25 Sedation during craniotomy 
can be done with propofol or dexmedetomidine alone, and 
is much more a comfort measure than a medical need. The 
combination of local anesthesia with sedation has been 
used successfully in patients with a relative contraindication 
for a “typical” awake craniotomy, like fragile patients and 
patients with a poor neurological status, too.26 However, in 
our practice, we would prefer to perform procedures in these 
groups of patients under general anesthesia because of the 
better anesthesiological control of the intraoperative situation.
It can be discussed whether there is a place for short-
acting opioids like remifentanil just before the injection of 
the local anesthetics; it increases patient comfort by damping 
some of the pain intensity of the local injections. On the other 
hand, the same injections are routinely performed without 
additional opioids in patients who need to be sutured after 
minor head traumas.
Regarding the additional value of local anesthetics for the 
postoperative phase of all craniotomy procedures, the use of 
regional anesthesia leads to lower pain scores and a reduction 
of opioid consumption in the early postoperative period.27 
Local anesthetics can be injected as a dedicated regional scalp 
(or nerve) block or as a diffuse local infiltration of the surgical 
field. Studies using scalp blocks have been meta-analyzed. In 
an analysis published in 2013, seven studies with a total of 
320 patients were systematically analyzed out of 20 studies 
that investigated the effect of regional scalp blocks.27 Several 
authors performed the scalp blocks at different time points 
of the perioperative course: a scalp block was performed 
preoperatively, before incision and after wound closure. The 
analysis showed an overall reduction in pain score 1 hour 
postoperatively (mean difference: −1.61, 95% confidence 
interval: −2.06 to −1.15, P<0.001). A reduction in pain scores 
up to 8 hours for a preoperative scalp block and up to 12 hours 
with a postoperative blockade was observed. Application of 
a scalp block reduced morphine consumption, although this 
effect was small (n=6 trials, standardized mean difference: 
−0.79, 95% confidence interval: −1.55 to −0.03, P=0.04).27
Studies using local infiltration instead of application of 
a regional skull block were analyzed in a meta-analysis by 
Hansen et al.28 In total, there were five randomized trials 
including a total of 249 patients: Bloomfield et al described 
infiltration with bupivacaine 0.25% pre- and postoperatively 
showing a significant reduction in pain scores immediately on 
admission on the PACU that wears off after 1 hour.19 Other 
studies in this review looked at the effect of infiltration before 
suturing and skin closure using either ropivacaine 0.75% 
or bupivacaine 0.5%. They found that infiltration reduces 
morphine consumption in the early postoperative period.29 
Another study using ropivacaine 0.75% could not replicate 
this effect, but patients in the intervention group (with local 
anesthesia) showed significantly reduced pain scores in the 
early postoperative period.30
A recent study using a mixture of lidocaine and ropivacaine 
addressed the question whether pre- or postoperative 
infiltration is more effective in reducing postoperative pain. 
The authors found lower pain scores and a reduction of 
morphine consumption in the group that received infiltration 
before incision.31 This supports the idea of “preemptive 
analgesia” by local anesthetics due to inhibition of the pain-
signal transmission. However, despite this weak support for 
local infiltration, there is an urgent need for more scientific 
trials addressing this issue.
For infratentorial craniotomies, a recent randomized trial 
showed that the scalp block blunts the hemodynamic response 
better during application of the skull-pin. Patients also had 
a slightly lower pain intensity score in comparison to local 
infiltration only. Postoperative morphine consumption was 
equal in both groups.32
Several studies addressed the effect of local anesthesia 
on the development of chronic post-craniotomy pain. Batoz 
et al found in a randomized trial that postoperative local 
infiltration with ropivacaine significantly reduces persistent 
pain 2 months after craniotomy.30 In a larger study with 
the same design, however, this effect was not found to be 
significant,33 leaving the effect of local infiltration on the 
development of chronic pain uncertain.
One recent study found beneficial effects of intravenous 
lidocaine in craniotomy patients. Intravenous lidocaine has 
already been extensively described and reviewed, especially 
in visceral-abdominal surgery where it reduces pain in the 
early postoperative period.34 In the study by Peng et al, 
craniotomy patients were randomized to receive a bolus (1.5 
mg/kg) and a continuous infusion (2 mg/kg/h) of intravenous 
lidocaine or saline. No other local anesthetic application 
was used. The lidocaine group showed lower pain scores 
and a higher rate of absence of pain (NRS=0) in the early 
postoperative period.35 Further research is needed to answer 
the question how intravenous lidocaine compares to the 
application of local anesthesia in terms of postoperative pain 
and morphine requirement.
Taking this all together, there is sufficient support for 
the use of local anesthetics to prevent pain during awake 
craniotomy, to reduce pain and pain response in patients 
undergoing craniotomy under general anesthesia and to 
prevent chronic pain after craniotomy.
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At this point, the technique of the local anesthesia itself 
must be studied further: must it be injected as a direct nerve/
scalp block or is a local infiltration of the field sufficient, too?
Innervation of the scalp and direct 
nerve block
The scalp is innervated by six different nerves on both 
sides (Table 1 and Figure 1). Excellent anatomical 
reviews have been published before describing in detail 
the location of the nerves in relation to the surface 
anatomy.36–39 When applying a direct nerve block, several 
considerations need to be taken into account. While the 
landmarks where these nerves leave the skull are quite well 
defined, the area they cover shows an enormous variability. 
The supraorbital nerve has the medial iris as a reliable 
topographical landmark, where the location of the nerve is 
within 1 mm from the needle, small enough to be reached 
by a deposition of local anesthetic.40 The supratrochlear 
nerve can also be reliably blocked at the point where it 
exits the orbita and before it enters the corrugator muscle.41 
The zygomaticotemporal branch of the trigeminal nerve 
shows a variation in anatomy and branches. It also has an 
intramuscular course in 50% of the cases.42 Although the 
innervated area of the scalp of this nerve branch is small, 
identifying the exact blocking site of this nerve can be 
difficult and varies in the literature.
The auriculotemporal nerve runs between a distance 
of 8 and 20 mm anterior to the origin of the helix, so the 
recommended injection site is 10–15 mm from this point 
taking care not to inject the superficial temporal artery or 
to block branches of the facial nerve.43 Both anatomical 
structures are of special importance in patients undergoing 
awake craniotomies, as injecting in the first can cause epileptic 
seizures and blocking the second can cause (temporary) loss 
of nerve function, which can be confusing, if the surgeon 
operates near to neurons controlling facial function. More 
variation can be observed in the occipital nerves arising from 
the spinal plexus44 where some authors advocate a precise 
localization of the two different nerves36,39 while others 
recommend a field block approach to block the occipital 
nerves.38 However, in many patients, both occipital nerves 
can be identified with ultrasound,45 too, which enables a direct 
nerve block. Recently, a new study describing the use of a 
maxillary block in craniotomy patients found better analgesia 
compared to a regional scalp block.46 This innovative approach 
relies on the retrograde spread of the anesthetic along the 
maxillary nerve, leading finally to a complete block of all 
branches of the ipsilateral trigeminal nerve.
Application of a field block
When applying a field block, both the sites of the pins of the 
Mayfield clamp and the site of the incision must be infiltrated 
Table 1 Nerves innervating the scalp
Nerve Origin Innervation Anatomical landmarks Special pitfalls on 
injection
Supraorbital nerve Frontal nerve (ophthalmic 
division of trigeminal nerve)
Forehead to lambdoidal 
structure
incisura supraorbitalis, right above 
pupil in a straight forward-looking 
patient
Direct nerve injection
Eyelid injury
Orbital injection
Supratrochlear 
nerve
Frontal nerve (ophthalmic 
division of trigeminal nerve)
Lower part of the forehead Medial corner of the orbita, few 
millimeters lateral from the nasal 
apex
Not applicable
Zygomaticotemporal 
nerve
Zygomatic nerve (maxillary 
division of trigeminal nerve)
Small area of forehead and 
temporal areas
Half way between the supraorbital 
and the auriculotemporal nerve
Not applicable
Auriculotemporal 
nerve
Mandibular division of 
trigeminal nerve
Tragus, anterior portions 
of the ear, posterior 
portion of temple
15 mm ventral from the tragus 
of the ear. Close to arteria 
temporalis superficialis, cranial 
from the os zygomaticum
Proximity of artery and 
facial nerve. intra-
articular injection
Greater occipital 
nerve
C2/C3 (C1–C4) spinal 
nerves
Posterior part of the scalp 
to the vertex
end of the medial third of a line 
between protuberantia occipitalis 
externa and the lower end of 
processus mastoideus, close to 
arteria occipitalis
Arterial injection
Lesser occipital 
nerve
C2 spinal nerves Lateral area of the scalp 
posterior to the ear
Beginning of the lateral third of 
a line between protuberantia 
occipitalis externa and the lower 
end of processus mastoideus
Not applicable
Note: Based on data from Kerscher et al.36
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with local anesthetics. To improve patient comfort, it is our 
practice to precede the injection of the local anesthetic by 
a bolus injection of a short-acting opioid (we use about 0.8 
µg/kg of remifentanil). For the Mayfield clamp, we routinely 
use an injection of 12–15 mL mixture of lidocaine 1% and 
bupivacaine 0.25% (final concentrations). Due to the fact 
that mostly there is only a short delay between the injection 
of the anesthetic and the placement of the clamp, we decided 
to add lidocaine for its fast onset. Epinephrine 1:200,000 can 
be safely added. We prefer the use of bupivacaine 0.25% over 
ropivacaine 0.75%. Although the local anesthetic duration 
of bupivacaine with added epinephrine and ropivacaine is 
comparable29 and microvascular changes are identical,47 
the cumulative dose of local anesthetic is lower when equal 
volumes of either bupivacaine 0.25% or ropivacaine 0.75% 
are used.
For anesthesia of the incision site, an injection of up to 
30 mL of bupivacaine 0.375% combined with adrenaline 
1:200,000 is used. In our practice, the anesthetist prepares the 
local anesthetics, but the responsible neurosurgeon himself 
injects the local anesthetics to prevent misinterpretation 
between the planned surgical incision and clamp sites and 
the anesthetized scalp areas. To prevent local anesthetic 
toxicity, we recommend this technique only for patients with 
a minimal weight of 50 kg in order to avoid a bupivacaine 
dose exceeding 3 mg/kg. Mixing lidocaine and bupivacaine 
does not have a synergistic (supra-additive) effect on 
cardiotoxicity.48
Similar to other blocks, the same precautions must be 
taken into consideration when applying a cranial nerve block. 
Careful aspiration and slow injection to avoid intravascular 
injection are mandatory. Furthermore, a direct intraneural 
injection, which will cause immediate severe pain, must 
be stopped as soon as the patient complains. This risk is 
especially high in case of the supraorbital nerve block due 
to its anatomical position. When injecting to block the 
supraorbital nerve, care must be taken to prevent injury 
to the eyelid. When blocking the auriculotemporal nerve, 
injection in the temporomandibular joint, the superficial 
temporal artery and the facial nerve is a hazardous pitfall. The 
incidence of a transient facial nerve palsy after blockade of 
the auriculotemporal nerve has been described at up to 17%.49
Besides general complications of the local anesthetic such 
as overdosage and intranervous or vascular injection, there are 
specific complications described in the literature following 
a field or direct nerve block (Table 1). Direct injection of a 
Figure 1 Sensory innervation of the skull and injection sites.
Notes: Nerves from left to right: auricotemporal nerve, zygomaticotemporal nerve, supraorbital nerve, supratrochlear nerve, greater occipital nerve and lesser occipital 
nerve. Injection sites are marked in red dotted circles.
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local anesthetic in the cerebral ventricular system leading to 
a total subarachnoid block has been observed50 which can be 
a direct lethal complication when not recognized and treated 
promptly by protecting the airway and providing circulatory 
support. One must be aware of the risks of patients who have 
undergone craniotomy before or who have skull defects for 
other reasons like plasmocytoma. However, in a meta-analysis 
of seven studies of the scalp block, no adverse events were 
reported.27
Bilotta et al investigated the learning curve of seven 
residents in anesthesiology in order to achieve a “good–
excellent” level of competence when applying a direct nerve 
block. The residents achieved an “excellent” rating after 
carrying out 10 procedures, concluding that a total of 11 
procedures was sufficient to independently perform a direct 
nerve block in 95% of residents.51
To conclude, an infiltration of the surgical field by the 
neurosurgeon is a simple, reliable and safe technique for the 
vast majority of the patients. However, in patients with lower 
body weight, or in case of longer-lasting procedures (e.g. 
insula tumors), or in patients undergoing re-craniotomies 
(where scars inhibit the spread of the anesthetic in case of a 
surgical field block), but also for postoperative pain treatment, 
a direct nerve/scalp block (performed by an anesthetist) is 
a valuable alternative. It can be performed with a smaller 
total amount of local anesthetic, but with equal or possibly 
even longer-lasting effect. However, the direct nerve/scalp 
block is technically more challenging to perform and needs 
more training.
The use of local anesthetics to 
diminish autonomic responses
In this review, we already discussed the role of local 
anesthetics to provide analgesia when administered via a 
direct nerve block, a regional field block and via intravenous 
administration. Another indication for the use of local 
anesthetics in craniotomy patients is the reduction of 
autonomic responses such as coughing around extubation 
after general anesthesia for a craniotomy. Coughing produces 
a rapid rise in intracranial pressure,52 which is an undesirable 
response in the early postoperative period. Several 
interventions have been studied in a study comprising 204 
patients. The most effective strategies were the application 
of intracuff lidocaine and intravenous lidocaine (1.5 mg/kg 
at the end of surgery) significantly reducing the incidence 
of coughing.53 Besides the prevention of coughing, lidocaine 
prevents the occurrence of a postoperative sore throat up to 30 
hours after extubation.54 In another randomized trial, spraying 
the supra- and subglottic areas with lidocaine 4% gave a 
significant reduction of cough during tracheal extubation.55
We recommend the use of intravenous lidocaine because 
the topical use of lidocaine spray might weaken laryngeal 
reflexes and thereby enable (silent) aspiration. Furthermore, 
the use of lidocaine to fill the cuff of the tube is not recom-
mended by the producers of the tube and might cause liability 
problems in case of a cuff leak.
Besides lidocaine, a single bolus infusion of dexmede-
tomidine results in a reduction of coughing and an attenuation 
of hemodynamic parameters during emergence from 
anesthesia.56 It is an interesting question how lidocaine 
compares to dexmedetomidine in the reduction of autonomic 
responses during emergence.
Conclusion
In summary, this review clearly shows the added value of 
local anesthetics in patients undergoing craniotomy for 
brain tumor resection: local infiltration of the surgical field 
or a direct nerve/scalp block is an effective measure to 
reduce postoperative pain. In case of the awake craniotomy 
technique, local anesthetics can be so effective that no other 
analgesics have to be given intraoperatively. There is insuf-
ficient scientific support to promote one local anesthesia 
technique as superior to the other. In our experience, both 
have their advantages. Infiltration of the surgical field is easy 
to perform, effective and safe in most patients. Direct nerve/
scalp block has clear advantages in patients with lower body 
weight, longer-lasting (>5 hours) procedures and possibly 
in re-craniotomies, but requires more training and good 
anatomical knowledge. Finally, in case of general anesthe-
sia for brain tumor resection, the intravenous application of 
lidocaine before extubation can help to suppress coughing 
and hemodynamic instability leading to a smoother and better 
recovery from anesthesia.
Future research should focus on 1) imaging techniques, 
which help with the identification of smaller nerves for direct 
nerve blocks, and 2) local anesthetics providing a long-lasting 
effect with low toxicity. Finally, studies directly comparing 
a surgical field block versus a direct nerve/scalp block are 
also highly required.
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